Literature describing dietary intakes of lactating mothers in the United States (US) is limited and none of the existing studies attempts to identify whether dietary shortcomings of lactating mothers are distinct from those of women of childbearing age in the US. The first objective of this observational study was to comprehensively analyze the dietary intakes of lactating mothers in the US to determine whether nutrient intakes from food were sufficient to meet recommendations. The second objective was to compare these intakes to those of women of childbearing age in the US. Weekly 3-day food records were collected from subjects for six weeks in 2012-2013. Subject mean daily intakes of food groups, macronutrients, vitamins, minerals, carotenoids, and specific fats including omega-3 and omega-6 fatty acids were determined and compared to daily recommendations. Intakes were compared to US women using the 2009-2010 National Health and Nutrition Examination Survey. Fruit, vegetable, and dairy intakes of mothers were ≤50% of recommendations, resulting in 12 of 26 analyzed vitamins or minerals including potassium, iodine, chromium, choline, and vitamins A, D, and E having mean daily intakes below the Estimated Average Requirement. Vitamin D intake of subjects was 18% lower than US women, while most other nutrients showed intakes within 10% of each other between populations. Lactating women are not meeting the increased dietary needs associated with breastfeeding, supporting education initiatives and interventions specifically tailored to breastfeeding populations to increase intakes of vitamin D, vitamin E, iodine, biotin, carotenoids, and polyunsaturated fatty acids from food.
Introduction
The nutritional needs of breastfeeding women are greater than any other time in her reproductive lifecycle, including pregnancy [1] . The benefits of breastfeeding on both maternal and infant health are well supported and 75% of mothers in the United States (US) initiate breastfeeding after delivery, contributing to reduced incidence of infant hospitalization as well as decreasing infant's risk for the development of long-term health outcomes such as diabetes and obesity [2] . Breastfeeding can significantly impact a woman's nutrition status and for many nutrients, including most minerals and folate, lactating women are at risk of depleting their nutrient stores if intake is inadequate [1] . For other nutrients, including vitamin A, many water soluble vitamins and polyunsaturated fatty acids (PUFAs), breast milk concentrations are responsive to maternal intake, allowing maternal diet to greatly influence breast milk composition and infant nutrition.
For the past 25 years, there has been a call for more data on the nutrient intakes of lactating women given their unique dietary needs and that many women of childbearing age in the US may already be at risk of insufficient intakes of nutrients critical for pregnancy and lactation [3] [4] . However, very little research exists that analyzes the dietary intakes of lactating women; most studies are designed to understand specific nutrients rather than comprehensively analyze the diet and risk for inadequacy [5] - [7] . A few studies focus on subpopulations of lactating women, including those who are dieting [8] , overweight/obese [9] , or highly educated [10] . While these studies show that many lactating women consume diets insufficient in nutrients critical for maternal and infant health, the varied study designs make it difficult to draw conclusions about general dietary patterns.
Furthermore, many educational initiatives aimed at improving dietary intakes of lactating women are based on dietary patterns of women from the National Health and Nutrition Examination Survey (NHANES). However, NHANES does not describe dietary intakes of lactating women separately from women of childbearing age despite the differing nutrient requirements between these populations [4] , and none of the previous studies attempt to identify if dietary shortcomings of lactating women are unique from those of women of childbearing age.
The goal of this study was to help establish a baseline understanding of the diet of lactating women to determine the areas of improvement by 1) comprehensively analyzing nutrient intakes from food as well as 2) comparing these intakes to those of women of childbearing age in the US to identify dietary shortcomings unique to lactating women. Taken together, these results can be used to develop targeted interventions and education initiatives to improve dietary behaviors of lactating women based on their unique dietary patterns and needs. By providing a baseline nutrient intake from food alone, these results can also serve to inform healthcare professionals if specific supplementation should be recommended for this population.
Subjects & Methods

Subjects and Study Design
All subjects in the study were 4 -6 weeks post-partum at enrollment and were part of a six-week prospective, randomized, placebo-controlled dose response study to examine the impact of lutein, docosohexaenoic acid (DHA) and vitamin E supplementation in lactating women and their infants; all subject characteristics and demographics are previously described [11] . Briefly, all data was collected between fall of 2012 and spring of 2013 from a cohort of lactating women in the midwestern United States. Participants were ≥18 years of age, had a full-term singleton delivery, had been continuously, successfully lactating and planned to continue for at least six weeks. Mothers with a BMI ≥ 30 kg/m 2 or taking cholesterol medication and/or other medications affecting lipid absorption and/or transport were excluded from the study. All subjects were pooled for the dietary analysis, as the intervention of the primary study did not include dietary counseling. Only subject characteristics and measures of dietary intake from food are currently presented. Nutrient intake from supplements is not included as this information was not collected in the primary study. Mothers were primarily breastfeeding, providing an average of 7.4 breast milk feedings/day and 0.6 formula feedings/day. Height and weight of subjects were col-lected via medical records. This study was conducted in accordance with Good Clinical Practice and International Conference of Harmonization and was approved by the Copernicus Group Institutional Review Board. Written, informed consent was obtained from all subjects before enrollment.
Dietary Assessment and Analysis
Dietary intake of subjects was measured using weekly 3-day food records throughout the six-week primary study. During the baseline visit, subjects met with the study nurse at their respective site to be trained with materials describing how to properly record food intakes and estimate serving sizes and then asked to record all foods and beverages consumed for three days of their choosing weekly for six weeks. At each subsequent visit, the previous week's diet record was reviewed with the study nurse for accuracy before submission to a trained nutrition technician for entry into the analysis software. Subjects continued their normal diet for the duration of the study; aside from consumption of the DHA/lutein/vitamin E supplement or placebo for the primary study, no specific dietary instruction was provided.
Food records were screened by the researchers to clarify any missing data or questions and then entered into The Food Processor ® dietary analysis software (version 10.12.0, 2012, ESHA Research); foods available in the database can be found at http://download.esha.com/fandc/sqlfc.pdf. USDA-sourced data were used when selecting foods from the database to minimize missing nutrient information. Age, height, weight and physical activity (PA) level for each individual were used to allow personalized food group and nutrient recommendations to be generated for each subject. Food group recommendations were based on My Plate (http://choosemyplate.gov), the standard nutrition guidance tool used in the US published by the US Department of Agriculture (USDA), which provides recommendations for fruit, vegetable, protein, grain, and dairy intakes per day for specific populations including breastfeeding women. Since PA of subjects was not a recorded measure in the primary study, all subjects were given a "lightly active" PA level for this analysis, which is defined as 1 -1.5 hours of total PA per day (light-moderate & walking) and consistent with total activity levels of eight hours per week of early postpartum women [12] .
Summaries of each subject's mean daily nutrient intakes from food and mean daily intake of MyPlate food group servings over the six-week study were generated. Food group intake as a percentage of MyPlate recommendations and total number of subjects meeting these recommendations was determined for all food groups. Mean daily nutrient intakes from food were compared to the Estimated Average Requirements (EAR) and/or Recommended Daily Allowances (RDA) as a percentage of these recommendations. Adequate Intake values (AI) were used for nutrients without EARs.
Mean daily nutrient intakes were compared to nutrient intakes from food of women of childbearing age using data from the NHANES 2009-2010 [4] . Since there is no data specifically for lactating women in the NHANES report, mean intake from food for women of childbearing age was calculated as a weighted average based on the sample size for 20 -29, 30 -39, and 40 -49 age categories for women from the NHANES report. Mean daily intakes were then calculated as a percentage of mean intakes of women of childbearing age.
Results and Discussion
A total of 83 subjects (94.3%) completed at least five of the six weekly 3-day food records. The remaining five subjects completed at least one 3-day food record, as they exited the primary study early [11] , and were included in this analysis because their dietary patterns were similar to those of subjects that completed the study. A total of 1518 food records were collected and analyzed, 360 (23.7%) of which were from weekend days. Most subjects were White (n = 78), while eight and two declared their race as Black or Other, respectively. The mean age was 28.9 years and 11 participants were greater than 35 years of age. The average BMI was 24.0 kg/m 2 , although 39 of the 88 participants were overweight.
MyPlate and NHANES
Mean daily intakes of MyPlate food groups are presented in Table 1 and compared to individualized MyPlate recommendations. Mean intakes of fruits, vegetables, and dairy were ≤50% of recommended daily servings. Despite protein and grain intakes being closer to recommendations, only a minority of subjects met their recommended daily ounce equivalents for these food groups. The consumption trends of the current cohort may be a All data is daily average of all subjects over 6 weeks (n = 88); b Food group recommendations (cup-or ounce-equivalents) were calculated for each subject based on individual height, weight, light activity level and life-category (lactating) using USDA guidelines (http://www.myplate.gov).
mirroring eating patterns of US women, who showed mean consumptions of 1.0 cup of fruit, 1.5 cups of vegetables, 1.3 cups of dairy, 5.6 ounces (oz) of grains and 4.9 oz of protein in 2007-2008 [13] . While fruit, vegetable, and dairy intakes are similar between these two populations, protein and grain intakes of lactating women in this study are 20% and 14% higher, respectively, than those shown for US women, suggesting that lactating women may compensate for their increased nutrition demands by increasing intake of foods from the protein and grain food groups without a corresponding increase in fruit, vegetable, and dairy foods. This finding is in agreement with results from a study in overweight lactating women that found protein and grain intakes to be much closer to recommendations than fruit, vegetable, and dairy intakes [9] , the latter of which are food groups containing many vitamins and minerals whose needs increase during lactation.
Intakes of Individual Nutrients
The mean daily intakes from food of macronutrients, selected PUFAs, carotenoids, water, and caffeine are shown in Table 2 alongside the mean intakes of US women aged 20 -49 years old for these nutrients [4] . Carbohydrate, fat and protein intakes all fell within their respective Acceptable Macronutrient Distribution Ranges (AMDR) [14] , although fat intake was near the upper limit of the AMDR. Conversely, carbohydrate intake was near the lower end of the AMDR; paired with the low fruit and vegetable intakes described above, this may have contributed to the mean daily fiber intake of <60% of the AI for fiber [14] .
The various intakes of PUFAs from foods are shown in Table 2 . The intake of omega-3 (n3) and omega-6 (n6) fatty acids were close to the AI for these nutrients but near the lower end of their AMDR [14] . Intakes of the highly unsaturated fatty acids (HUFA) arachidonic acid (AA), docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) were close to the national average intakes of women of childbearing age [4] . Although there is no specific Dietary Reference Intake (DRI) for DHA, EPA, or AA, numerous recommendations exist for the intake of these HUFAs [15] , including recommendations for lactating women to consume of 200 mg [16] to 300 mg [17] of DHA daily. The mean intake was 31.2% of the 200 mg/day recommendation, with only 3 subjects (3%) meeting this recommendation on average. Since DHA has been shown to be important for neural development in infancy [18] , low dietary intakes of DHA among lactating women could present a concern for neural development of breastfed infants.
Mean intakes of the carotenoids lycopene and lutein + zeaxanthin from food are shown in Table 2 . While specific recommendations do not exist for these carotenoids, one can estimate prudent intakes based on carotenoid consumption of individuals meeting fruit and vegetable recommendations, the primary dietary source of carotenoids [19] . Prudent intakes range from 8 -9 mg/d [20] for lycopene and 4 -7 mg/d of lutein + zeaxanthin [21] and are more than double the intakes in the current cohort; only 5 and 6 subjects (<7%), respectively, achieved mean daily intakes from food within these ranges. These findings support the promotion of carotenoid-rich fruit and vegetable intake for lactating women, as lycopene has been shown to be an important antioxidant in both mother and infant health [22] while lutein has a critical role in development of the fovea in the first four months of life [23] and concentrations of lutein in breast milk are highly correlated with maternal intake [11] .
Vitamin and Mineral Intake Compared to Recommendations and NHANES Intakes
The mean vitamin and mineral intakes from food are shown in Table 3 and compared to the respective EARs and RDAs. Twelve of the 26 nutrients had mean intakes below the EAR or AI. Very few subjects met daily recommendations for vitamin D (n = 2), vitamin E (n = 1), potassium (n = 0), iodine (n = 1), chromium (n = 1) and choline (n = 0) on average, leading to mean daily intakes of these nutrients from food averaging <50% of recommendations. The intakes of 20 -49-year-old women from the 2009-2010 NHANES for most nutrients including vitamin E, potassium, and choline are within 10% of the intake of the current cohort. Since requirements for many of these nutrients increase during lactation, these results suggest that lactating women are not appropriately increasing their fruit, vegetable, and dairy intake relative to their pre-breastfeeding dietary behavior to compensate for these increased nutrient needs. Vitamin D intake was 18.2% lower than US women, and much lower than the 5 -6 mcg/d previously shown for mixed-or fully-breastfeeding women [9] , supporting the inclusion of this nutrient on the "nutrients to increase" list in the Dietary Guidelines for Americans 2010 [24] . It is likely that the low dietary intake of iodine can be partially attributed to the low dairy intake, as dairy is the largest contributor of iodine in the US diet, while iodized salt typically accounts for a small amount of dietary iodine [25] . Based on these results, placing special emphasis on consumption of milk and dairy products to lactating women could be a plausible public health message to help in alleviating problems in maternal and infant health associated with low iodine and vitamin D intakes such as decreased mental development in the infant [26] and decline in numerous health categories including bone health [27] , respectively. Observed vitamin A, iron, and folate intakes were 6.5% -14.6% above those of US women, with iron and folate well above the EARs for lactating women. Similarly high intakes relative to US women were previously shown in lactating women for iron and folate [9] , suggesting that food fortification and education to pregnant women emphasizing the importance of these nutrients are successful in leading to dietary change and may have lingering effects postpartum.
Conclusions
This study helps establish a fundamental understanding of the baseline nutrient intake from food in lactating women and reveals how these patterns differ from women of childbearing age to inform education and intervention specific to this population. The results of this study are mostly in agreement with previous studies done in lactating women, which identify vitamins A, C, D, and E as nutrients of concern [9] [10], while also presenting new findings providing concern for dietary intakes of iodine, biotin, and carotenoids. In fact, intakes for most nutrients in this study are actually lower than the aforementioned studies, although it is difficult to compare as the other study populations were limited to a university setting [9] or overweight women [10] .
The Institute of Medicine encourages lactating women to rely on food rather than supplements to meet dietary recommendations for nutrients [1] ; however, as currently demonstrated, food alone does not seem to meet the nutrient needs for this breastfeeding population. Supplementation may be one way to help overcome inadequate nutrient intakes from food alone, as it was seen that subjects in the primary study receiving the intervention supplement were only able to meet the ideal intake of DHA, lutein and vitamin due to their use of the intervention supplement (data not shown). The small body of research that exists about micronutrient supplementation during breastfeeding suggests that most lactating women consume a multivitamin/mineral supplement, but there are no consensus recommendations regarding supplementation during breastfeeding despite the fact that most nutrient needs during lactation are higher than those of pregnancy [28] .
Our results suggest that the low intakes of many nutrients critical during lactation can largely be attributed to inadequate intakes of fruit, vegetable, dairy, and oily fish. Furthermore, differences in dietary intakes of many food groups and nutrients between the current cohort and women of childbearing age emphasize the importance of separately considering the two populations when discussing dietary interventions and education. Thus, the results of this study provide compelling support for dietary education to lactating women that specifically emphasizes increasing intake of nutrients such as vitamin D, vitamin E, vitamin A, iodine, and biotin as well as carotenoids and PUFAs. This may be accomplished through further education to lactating women on the importance of increasing their consumption of fruits, vegetables, dairy, and oily fish.
